Thymus-derived lymphocytes (T-cells) play a major role in the development of resistance of mice to secondary infections with herpes simplex viruses (13, 21, 24) . On the other hand, although macrophages are known to participate in resistance to primary herpetic infections (6, 8, 17, 25) , the participation of the T-lymphocyte is not well established, and the contribution of T-lymphocytes in relationship to that of macrophages has not been adequately studied. Antilymphocyte or antithymocyte sera (ATS), commonly used to deplete animals of lymphocytes, cause a decrease in resistance to primary herpes simplex virus type 1 (HSV-1) infections (18, 19) . However, such sera have also been shown to have a transient deleterious effect on macrophage function (4, 7, 20) , a fact that must be taken into account in interpreting the effect of such sera on resistance to infection. Furthermore, conflicting results have been reported for the effect of neonatal thymectomy on resistance to primary HSV-1 challenge (13, 14) . Because neonatally thymectomized mice are prone to mortality from wasting disease, it may be difficult to interpret such data. In the present study, the relative contribution of T-cells to resistance to primary intraperitoneal HSV-1 infection was investigated in animals deficient in T-cells because of age or in mice that were thymectomized and given ATS, but tested for HSV-1 resistance after they recovered from the nonlymphoid effects of ATS. In our experience, such animals have shown no evidence of wasting disease. C58 mice that were deficient in T-lymphocytes or macrophages were tested for resistance to HSV-1 and for parameters known to be thymus dependent, viz., the number of theta-positive cells, in vitro responses to concanavalin A and phytohemagglutinin (15, 22) , and resistance to transplantable line Ib leukemia (10, 15 carboxymethyl-cellulose. The number of plaques was determined after incubation for 2 days at 370C.
RESULTS
Contrasting effects of age of C58 mice on resistance to HSV-1 and on T-cell functions. Thymus-dependent immune competence in C58 mice diminishes with age (11, 16) . In the present study, this was confirmed by demonstrating reduced responses of spleen and mesenteric lymph node cells to the T-cell mitogens, ConA, and PHA (data not shown) and increased susceptibility to syngeneic line Ib leukemia. The mitogenic responses of lymph node cells and spleen cells from thymectomized (0) and sham thymectomized (0) mice to ConA, PHA, and LPS were determined at the indicated times after the injection of I ml of ATS. Mice were also tested before the injection of ATS (C). Each point represents the average response of two to four C58 mice. The area between the broken lines indicates the mean response standard deviation from 19 normal control animals tested during the course of the study. mice were temporarily increased at 4 weeks post-ATS, but failed to return to normal within the 12-week observation period. ATS had no demonstrable effect on the LPS (B-cell) response of thymectomized and sham thymectomized mice over the 12-week period. In a manner similar to that of the response to T-cell mitogens, the number of theta-positive lymphocytes in the spleen and mesenteric lymph nodes (Fig. 3) and resistance to line Ib leukemia (Fig. 4) recovered after ATS treatment in sham thymectomized, but not in adult thymectomized mice. In contrast to these thymus-dependent parameters, resistance to HSV-1 recovered within 1 week after ATS treatment, whether or not the mice were thymectomized (Fig. 4) , and remained undiminished over an 8-week period.
Macrophage-dependence of resistance to HSV-1 infection. As reported previously (25) , the injection of silica decreased the number of peritoneal macrophages and increased susceptibility to HSV-1 infection. Silica-treated mice died earlier, and more mice died of infection as compared to saline-treated animals. The injection of silica did not alter the response of spleen cells to ConA and PHA nor did it increase the susceptibility of mice to line Ib leukemia (data not shown), indicating a lack of suppression of T-cell functions.
In vitro antiviral effect of macrophages but not lymphocytes. A direct inhibition of HSV-1 replication by mouse macrophages was observed in vitro in four replicate experiments. Cocultivation of HSV-1-infected mouse embryo fibroblast monolayers with peritoneal macrophages from adult mice reduced the number of plaques that developed in the monolayer (Table  1) . The plaques that developed in the presence of macrophages were also much smaller than those of the control cultures. The radius (r) was usually reduced by at least half, so that the area of the plaques (A) was reduced to one-fourth or less of the original area (A2 = Al r22/rI2). Combined, the decrease in plaque number and plaque size resulted in a reduction in plaqued area (virus-killed fibroblasts) of at least 90%. No reduction was seen when HSV-1-infected monolayers were cocultivated with splenic lymphocytes from adult mice ( Table 1 ).
The ability of macrophages from weanling (3-week-old) mice to suppress the development of HSV-1 plaques was compared to that of macrophages from adult (12-week-old) mice. Unlike the macrophages from adult mice, the cells from the weanling mice did not significantly suppress the development of plaques ( Table 2 ), suggesting that the increase in resistance to HSV-1 with age ( Fig. 1) is the result of increased macrophage competence. (Fig. 1) or by the combination of adult thymectomy and ATS (Fig. 4) did not increase susceptibility to HSV-1. The deficiency of thymic function in aged or thymectomized mice was affirmed by demonstrating a decreased proportion of theta-positive lymphocytes in spleen and mensenteric lymph node cell populations (Fig. 3) , by a decreased response of these cell populations to T-cell mitogens (Fig. 2) , or by a decreased primary immune response to line lb leukemia ( Fig. 1 and 4) . The importance of the macrophage as a first line of defense was also indicated by the suppression of HSV-1 plaque formation in mouse embryo cell cultures by peritoneal macrophages, but not splenic lymphocytes ( Table 1 ).
Mice that were treated with ATS had a marked decrease in resistance to HSV-1, but recovered full resistance within 7 days, even when they were deprived of the thymus (Fig. 4) (4, 7) , it is probable that this accounts for the decreased resistance observed.
Previous studies have shown that the resistance of mice to HSV-1 infection increases dramatically during the maturation period (9, 12) . In the present study, it was demonstrated that the resistance to HSV-1 gradually continues to increase as adult C58 mice age, even during the age range when T-cell function wanes (Fig. 1) . It has previously been reported that the increase in age-dependent resistance to HSV-1 is primarily the result of increased macrophage function (6, 8 (13, 14) obtained conflicting results when they challenged nonimmunized adult mice that were thymectomized within hours of birth. In one study, they found an increased mortality in thymectomized mice (14) , whereas in another study there was no increase in mortality (13) . Nevertheless, increased mortality has also been observed by other investigators in neonatally thymectomized mice (1) and in congenitally athymic mice (2) . However, since neonatally thymectomized and athymic mice are prone to mortality from wasting disease, it may be difficult to interpret such data. In contrast to the above reports, Mogensen and Andersen (17) found that congenitally athymic mice were more resistant to the induction of focal necrotic hepatitis by HSV-2 than were phenotypically normal littermates. Furthermore, they presented evidence that the increased resistance of athymic mice to HSV-2 hepatitis is due to the presence of nonspecifically activated macrophages. However, athymic mice seemed inferior to normal mice in eliminating the infectious process, suggesting that T-cells help provide a second line of defense that can be overshadowed by activated macrophages. Thus, in the present study, primary resistance to HSV-1 may have appeared to be independent of T-cells because of an effective macrophage-mediated resistance.
Nevertheless, the relative importance of macrophages and lack of importance of T-cells in the resistance of C58 mice to primary systemic herpetic infection has been effectively established.
